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(57) Abstract 

THe present invention relates to a procatalyst composition for the polymerization of a |. fa - olefin ^ 
in steps, in which is arranged a carrier agent based on at least one inorganic oxide, having few or no hydroxy! groups on us sur- 
face, 
IVB 

'e^b^wS^ compound that does not contain Uumium so that 

0 Sc carrier is first treated with a mixture in the form of a solution of the Mg compound and the transiuon metal impound and 
the product thus obtained is chlorinated, or 2) the carrier is first chlorinated and subsequent!) -treated hwtj ,the J™*™" 
the form of a solution, or 3) the Mg compound and the transition metal compound are impregnated into the earner without any 
separate dissolving and the product thus obtained is chlorinated. 
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Procatalyst composition for the polymerization of a-olefi 
preparation and use 



The present invention relates to a procatalyst composition 
which is suitable for homo and copolymer! zation of cc-olef ines . 

The invention also relates to a method for preparing such a 
procatalyst composition and to its use jointly with an brga- 
nometallic cocatalyst compound for the polymerization of 
a -olefines. 

Generally the Ziegler-Natta catalyst system is used for the 
polymerization of olefines. This system consists of a so- 
called procatalyst and a cocatalyst. The procatalyst is a 
component which is based on a compound of a transition metal 
of any of the groups IVB-VIII of the periodic table of 
elements. The cocatalyst, again, is a component based on an 
organometallic compound of a metal of any of the groups 
IA-IIIA of the periodic table of elements. Generally, electron 
donor compounds improving and modifying the catalytic 
properties also belong to the catalyst system. 

When preparing heterogenic polymerization catalysts, it is 
usual to use a carrier compound as the component improving 
the polymerization activity of the procatalysts , the transi- 
tion metal compound being layered onto this carrier compound. 
Usual carrier compounds are based on silicon dioxide, alumi- 
nium oxide, magnesium oxide, titanium oxide, their mixtures, 
carbon in various forms, and different kinds of polymers. Mag- 
nesium compounds, such as alkoxides, hydroxides, hydroxy ha- 
logenides and halogenides have proved to be important carrier 
compounds, and the latter, magnesium chloride in particular, 
have lately become the major carrier components of procatalyst 
compositions . 
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As magnesium compounds and especially magnesium halogenides 
are not, in their basic crystal form, activated very effi- 
ciently by a transition metal compound, their crystal struc- 
ture has to be deformed. 

Conventionally, the deformation of the crystal structure is 
carried out e.g. by grinding in a ball mill, whereby the ty- 
pical results is a finely-divided powder having a large spe- 
cific surface, in which the crystal lattices of the particles 
are strongly deformed. The usual grinding method however has 
the disadvantage of consuming extremely much energy, of caus- 
ing wear and corrosion in the equipment and of being good 
for the preparation of a catalyst only by a laborious batch 
process . 

A more modern way of providing a deformed crystal stucture of 
a magnesium compound like magnesium halogenide, and thus of 
increasing its activability by transition metal compounds, is 
to modify it chemically. The magnesium compound, the possible 
electron donor and the transition metal compound are then mu- 
tually reacted, often in a solution, into easily isolated 
procatalyst compositions. However, the method does not provide 
sufficient amorphous procatalyst composition, while the com- 
position is crystallised during the preparation more or less 
spontaneously and does not subsequently alter its morphology 
essentially. 

A third means of providing a deformed or amorphous crystal 
structure of a magnesium compound is layering the magnesium 
compound, the transition metal compound and optionally an 
electron donor on. an essentially inert carrier agent. Such a 
method has been described in the following specifications, 
among others. 

The US patent specification 4 363 746 describes as one of its 
embodiments reacting of untreated silica with a complex of 
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magnesium chloride and transition metal alcoholate, reacting 
of the product obtained with an organoaluminium compound, 
like organoaluminium halogenide, and eventually activation 
of the solid intermediate product obtained with a transition 
metal halogenide. 

The same technique is represented by the US patent specifica- 
tion 4 391 736, relating to the removal of surface hydroxyles 
of a carrier agent of silica type by means of an organometal- 
lic compound, such as organoaluminium halogenide, reacting of 
the hydroxy-free carrier obtained with a complex of magnesium 
dihalogenide tetra-alkyl titanate and activating the solid 
reaction product obtained with titanium tetrahalogenide . 

The WO patent application 89/02446 describes the drying of 
silica and removal of its surface hydroxyles by means of an 
agent reacting with hydroxyle such as a halogenide or an or- 
ganosilica compound, bringing the agent pretreated in this 
manner into contact with an organomagnesium compound like an 
alkoxy magnesium compound, further reacting of the produced 
intermediate product with an organotitanium compound or an 
organotitanate and finally treating the product with titanium 
halogenide . 

The GB patent specification 2 102 438 describes the dissolving 
of a magnesium halogenide in a titanium alkoxide compound in 
heptane, crystallizing of the mixture with a polymeric sili- 
con compound and using the powder thus obtained as a catalyst 
carrier, which is activated by a liquid titanium compound 
containing halogen. 

The four specifications above describe the preparation of a 
solid procatalyst composition in two titanization steps, 
which are very difficult and sensitive to impurities, among 
others . 



MSOOC1D: <WO 9106239A1J_> 



WO 91/08239 



PCI7FI90/00287 



4 

The US patent specifications 4 530 913 and 4 578 440 disclose 
the treatment of the hydroxylic surface of a silica or alumi- 
nium oxyde carrier with a halogen-free organosilica compound, 
the treatment of the reaction product obtained with an orga- 
nometallic compound, which is based on magnesium or magnesium 
and aluminium, and eventually activation of the reaction pro- 
duct with a transition metal compound, the two latter steps 
being interchangeable. 

The EP patent specification 123 510 describes the drying of 
silica or aluminium oxyde and the removal of their surface 
hydroxyles by means of an organosilica compound, the reacting 
of- the treated silica or aluminium oxyde with an organometal- 
lic compound, which is based on magnesium or magnesium and 
aluminium, and finally activation of the reaction product with 
a transition metal compound. 

The three last-mentioned specifications have the disadvantage 
of using an organometallic compound as a magnesium compound, 
which does not in itself contain the halogen required for 
forming a complex having catalyst activity. In order to 
achieve catalytically activating interaction between the mag- 
nesium and the transition metal, the use of a transition metal 
halogenide like titanium tetrachloride or titanium alkoxy 
chloride is required. The sensitivity of such a reagent e.g. 
to air humidity greatly hampers the activation of the carrier 
agent . 

The EP patent application 45969 describes the solving of mag- 
nesium chloride and titanium tetraethoxyde in hexane and the 
crystallization of the mixture with ethyl aluminium sesqui- 
chloride. After decantation, the deposit is elutriated in he- 
xane, prepolymerized with ethene and is treated once more with 
ethyl aluminium sesquichloride and titanium tetrachloride. The 
catalyst obtained was used together with triethyl aluminium in 
the preparation of polyethene. The process of this specif ica- 
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tion has the disadvantage of an uncontrolled precipitation as 
well as of several treatments with the transition metal com- 
pound . 

• 

The purpose of the present invention is to provide a procata- 
lyst composition that is as active as possible. A solid 
procatalyst composition should also have a suitable particle 
shape, size and granulometric distribution. These purposes 
should be achieved with a minimum of effort and without 
the above inconvenients . 

The problem has now been solved by a new procatalyst composi- 
tion intended- for the polymerization of alf a-olef ines . The 
composition is mainly characterized by the facts mentioned in 
the characterizing part of claim 1. Thus, it has been disco- 
vered that a practicable procatalyst composition is easily 
provided in the following manner. When a carrier agent based 
on at least one inorganic oxide is set up, having on its sur- 
face some or no hydroxyle groups, and then the carrier agent 
is treated with a magnesium compound and one or more transi- 
tion metal compounds of the groups IVB and VB of the periodic 
table into which the magnesium compound is dissolved, and 
finally a step is carried out, in which the reaction product 
or mixture of the carrier agent, the magnesium compound and 
the transition metal compound or compounds are contacted and 
reacted with a chlorination reagent not containing transition 
metals, a procatalyst is obtained, which has an optimal' chlo- 
rine-metal balance in terms of the polymerization result. 

The advantage of this invention compared to solutions known in 
prior art is an easy and simple catalyst preparation method; 
no time-consuming washing and drying steps are^needed and 
ttos~the~wa7te^o^^ preparation 
is minimal. 

The advantage compared to the US patent specification 
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4 391 736/ the catalyst according to the present invention has 
a good hydrogen sensitivity, a good activity and a good 
comonomer sensitivity. In addition, the polymers obtained have 
a narrow molecule weight distribution. The advantage compared 
to the solutions of the patent applications GB 2 102 438 and 
EP 45969 Al is the controlled morphology of the catalyst 
according to this invention, due to the carrier agent, 
especially silicon dioxide. 

Implementing a solution of magnesium compound and transition . 
metal compound for the treatment of the carrier agent thus 
surprisingly makes a second and separate activation step with 
the transition metal compound superfluous, and a mere chlori- 
nation will be sufficient. Suitable transition metal com- 
pounds are liquid compounds that dissolve magnesium compounds. 
Such compounds are for instance vanadium oxitrichloride and 
transition metal alkoxides, such as titanium tetra-alkoxides , 
advantageously titanium tetrabutoxide . 

A second advantage of the supplementary final chlorination 
step is that instead of an organomagnesium compound magnesium 
halogenide, advantageously magnesium dichloride, can be used 
as magnesium compound, thus gaining benefit from its structure 
in order to achieve a procatalyst composition that is as 
active as possible. 

The carrier agent used in the invention can be any porous 
inorganic or organic substance. We cite polymers among the 
oganic carrier agents. Especially advantageous are carrier 
agents based on oxides of silicon, aluminium, titanium, mag- 
nesium and/or chromium. Such carrier agents are e.g. silicon 
oxide, aluminium oxide, magnesium oxide, magnesium silicate, 
titanium oxide, etc. Especially advantageous carrier agents 
are silicon oxide, aluminium oxide and magnesium silicate or a 
mixture of them. A silicon dioxide product is the most advan- 
tageous of all. 
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It is advantageous to set up such an inert carrier agent , in 
which hydroxyle groups have been removed thermally and/or 
chemically from the surface of the inorganic oxide. 

At temperatures below 200°C / the thermal treatment involves 
water removal and at higher temperatures calcination of the 
surface hydroxyles . The thermal treatment advantageously 
takes place at a temperature of c. 100-1000°C. 

The surface hydroxyle groups of the carrier agent are removed 
chemically by using substances reactive with hydroxyle groups. 
Such substances are organic silicon, aluminium, zinc, phos- 
phor and/or fluorine compounds. We can mention among approp- 
riate organic silicon compounds as preferable the compounds of 
the formula (RaSiJaNH or the formula R^SiX-*-,*, in 
which R is a hydrogen and/or alkyle group, X is a group reac- 
ting with the H of the hydroxyle group , like halogen, and n is 
1, 2 or 3. 

Among preferable organic aluminium compounds can be mentioned 
the compounds of the formula 

[R«A1X 3 -„J™ 

in which R is hydrogen and/or a hydrocarbon group containing 
1-20 carbon atoms, preferably a lower alkyle group, X is ha- 
logen, n is 1, 2 or better 3, and m is 1 or 2. Typical alumi- 
nium compounds are trialkyl aluminium such as tri-isobutyle 
aluminium, dialkyle aluminium halogenide such as diethyle 
aluminium chloride and dialkyle aluminium hydride such as di- 
isobutyle aluminium hydride. 

Advantageous phosphor compounds removing hydroxyle groups are 
phosphorous trihalogenides , phosphorous oxitrihalogenides, 
dialkyle phosphorous halogenides, monoalkyle phosphorous ha- 
logenides and diamino-phosphorous oxihalogenides . Appropriate 
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fluorine compounds removing hydroxyle groups are fluoric gas, 
fluoric hydrogen, boron trif luoride, silicon tetraf luoride and 
sulphur oxide fluoride. 

The most advantageous substances removing hydroxyle groups are 
organic silicon compounds and organic aluminium compounds and 
among these, respectively, the most advantageous are hexamet- 
hyl disilazane [ (CH 3 ) aSi] aNH and triethyl aluminium 
(C a H s ) 3 Al. 

At least the majority of hydroxyle groups having been removed 
from the surface of the carrier agent, it will be treated 
with a magnesium compound and one or more of the transition 
metal compounds of groups IVB and VB of the periodic system of 
elements, Into which the magnesium compound is dissolvable. 

This may take place by first adding the magnesium compound 
and subsequently the transition metal compound, or vice versa. 
However, it is advantageous to contact a carrier agent con- 
taining a few or no surface hydroxyles with a mixture formed 
of a magnesium compound and one or more compounds of a transi- 
tion metal of the groups IVB and VB of the periodic table of 
elements. The mixture is advantageously in the state of a so- 
lution, in particular of a hydrocarbon solution, the dissol- 
ved substance being possibly a complex of a magnesium com- 
pound and a transition metal compound. As mentioned above, 
the preferable magnesium compound is magnesium chloride and 
the preferable transition metal compound is tetra-alkyl tita- 
nate (titanium tetra-alkoxide ) such as tetrabutyl titanate. A 
vanadium compound, preferably VOCI3, can be used as a tran- 
sition metal compound. 

When the carrier agent containing a few or no surface hydro- 
xyles has been treated with a magnesium compound and one or 
more transition metal compounds, the reaction product or mix- 
ture of the compounds is contacted and reacted with a chlori- 
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nation reagent free from transition metals. If necessary, this 
chlorination can be carried out directly after the removal of 
the hydroxyle groups of the carrier agent , i.e. before it is 
reacted with the magnesium compound and the transition metal 
compound . 

The chlorination reagent free of the above mentioned transi- 
tion metal, advantageously that of the last, i.e. third step, 
is advantageously HCl, CC1«, or particularly a compound of 
the formula [R„A1C1b« in which R is a hydrocarbon 
group containing 1-20 carbon atoms, advantageously a lower 
alkyl group, n is 1 or 2 and m is 1 or 2. Typical aluminium 
compounds good for chlorination are alkyl aluminium chlorides, 
such as diethyl aluminium chloride, ethyl aluminium sesqui ch- 
loride and ethyl aluminium dichloride. The entire group of 
precatalysts can be chlorinated together or in smaller batches 
in a separate vessel before the polymerization reactor addi- 
tion. The amount of precatalyst to be used in the polymeriza- 
tion can be chlorinated into a finished procatalyst composi- 
tion in the polymerization reactor, before adding the cocata- 
lyst . 

The invention also relates to a method for preparing a proca- 
talyst composition of the above type, in which one or more 
inert solid inorganic carriers are treated, from which the 
surface hydroxyle groups have been removed thermally or che- 
mically totally or partly by reacting the carrier with the 
compound removing hydroxyle groups, 

a) by impregnating the carrier with a mixture of the Mg com- 
pound and one or more compounds of a transition metal of the 
group IVB or VB of the periodic table of elements, which dis- 
solves the Mg compound, and 

b) by chlorinating with a compound not containing titanium so 
that 

1) the carrier agent is first treated with a mixture in the 
state of a solution of the Mg compound and the transition 
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metal compound and the product thus obtained is chlorinated, 
and 

2) the carrier agent is first chlorinated and subsequently- 
treated with the above mixture in the form of a solution, or 

3) the Mg compound and the transition metal compound are im- 
pregnated into the carrier agent without any separate dissol- 
ving and the product thus obtained is chlorinated. 

The same definitions as the ones for the catalyst composition 
defined by means of the method are valid for the method of 
the invention. The method is typically accomplished e.g. by 
removing the water from one or more inorganic oxides 
by. drying or .calcinating at 150-1000~C and/or chemically 
with an organic silicon compound, advantageously with hexa- 
methyl disilazane. 

The premixture is prepared by dissolving a magnesium compound, 
preferably an anhydrous magnesium chloride, into a transition 
metal compound dissolving this such as titanium alkoxide, 
preferably titanium tetrabutoxide , at a temperature above 
20«»C. A hydrocarbon dissolvant may be added to the solution 
either before or after the dissolving of the magnesium com- 
pound . 

The molar ratio Ti/Mg is at least 1, advantageously at least 
2. 

The molar ratio Cl/Ti is c. 1-10, more advantageously c.3-5 
and most advantageously c.4. 

The premixture is added dropwise into a carrier agent that is 
essentially free of surface hydroxyles, which remains as a 
liquid powder throughout the addition. The carrier agent can 
also be elutriated into hydrocarbon before adding the premix- 
ture. The mixture formed of the premixture and the carrier 
agent is stirred for 1-100 hours at room or a higher tempera- 
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ture. 



The components of the premixture can be added into the car- 
rier agent without a separate dissolving so that a magne- 
sium compound, a hydrocarbon dissolvant and a titanium com- 
pound are mixed into the carrier compound in any order, after 
which the precatalyst mixture is stirred for 1-100 hours at 
room or a higher temperature. 

The preprocatalyst obtained is chlorinated with a compound 
free' of titanium by adding the chlorinating compound either 
directly into the dry preprocatalyst powder or a hydrocarbon 
slurry of the preprocatalyst. Alkyl aluminium chlorides, ethyl 
aluminium sesquichloride and ethyl aluminium dichloride are 
suitable chlorine compounds. The chlorinating compound can be 
added to the carrier agent either before the addition of pre- 
mixture or after it. 

The present invention also relates to the use of the procata- 
lyst composition of the invention for the homo- or copolymeri- 
zation of alfa-olefines, in which the polymerization is ac- 
complished with the aid of the above procatalyst composition 
and an organometallic cocatalyst compound of any of the 
groups IA-IIA of the periodic table of elements. The cocata- 
lyst compound is advantageously an organometal compound 
of aluminium, such as trialkyl aluminium, more advantageously 
triethyl aluminium. 

If necessary, an electron donor can be used in the procata- 
lyst composition of the invention. In addition to the proca- 
talyst composition and the cocatalyst, a so-called external 
electron donor can be used in the polymerization. 

The invention is described below with the aid of a number of 
examples . 
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Preparation of the catalyst 
Example 1 

A. Preparation of the premixture 

Into 386 mg of anhydrous magnesium dichloride, 2.8 ml of tita- 
nium tetrabutoxide was added dropwise during continuous stir- 
ring of the mixture. The mixture was boiled in a 120-C bath 
for 3 hours in order to dissolve the material completely. 2 
ml of pentane was added to the solution. 

B. Treating the carrier agent with hexamethyl disilazane 

3.0 grams of silicon dioxide having a Davison degree of 955, 
was elutriated into 15 millilitres of n-pentane. 1.35 ml of 
hexamethyl disilazane (HMDS) was added dropwise to the mixtu- 
re during stirring by means of a magnetic mixer. The mixture 
was boiled in a 50°C bath for 60 minutes and dried at the 
same temperature for 1/2 hour, and a dry freely flowing powder 
of the carrier agent was then obtained. 

C. Absorbing of the premixture into silicon dioxide 

The premixture solution was transferred by siphonage into the 
carrier agent, during thorough stirring. The dry mixture was 
further stirred for 1 hour at room temperature after the ad- 
dition of the solution. 

D. Treating the precatalyst with ethyl aluminium dichloride 

One gram of the precatalyst prepared above was elutriated in- 
to 3 ml of pentane. 4.91 ml of a 10% by weight pentane so- 
lution of ethyl aluminium dichloride was added to the slurry, 
was stirred for 2 hours at room temperature and was dried by 
nitrogen blowing for 2 hours. The dry catalyst powder was 
further stirred at room temperature for 23 hours. 
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The catalyst composition was: Mg 0.75%, Ti 4.9%, Al 5.6%, CI 
17.7%. 

Example 2 

Steps A, B and C: the procedure was the same as in example 1, 
except that 2.2 ml of hexamethyl disilazane was used when 
treating the silicon dioxide. 

D. Treating the precatalyst with ethyl aluminium dichloride 

6.0 ml of a 10% by weight pentane solution of ethyl aluroi- 
ninium dichloride (EADC) was added to one gram of the precata 
lyst prepared above. The mixture was stirred for 20 minutes 
and was dried by nitrogen blowing for 1/2 hour. The dry cata- 
lyst powder was further stirred for 23 hours at room tempera- 
ture. 

The catalyst composition was: Mg 0.7%, Ti 4.4%, Al 6.6%. CI 
22.5%. 

Example 3 

Steps A and C: the procedure was the same as in example 1. 

B. Treating the carrier agent with hexamethyl disilazane 

The procedure was the same as in example 1 except that sili- 
con dioxide dehydrated at 150-C and treated with 0.5 ml 
HMDS was used. 

D. Treating the precatalyst with ethyl aluminium dichloride 

The procedure was the same as in example 2, except that 5.1 
ml of a 10% by weight pentane solution of EADC was added to 
one gram of the precatalyst prepared above. 

The catalyst composition was: Mg 0.7%, Ti 3.9%, Al 6.0%, Cl 
18.5%. 
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Example 4 

Steps A and C: the procedure was the same as in example 1. 

B. Treating the carrier agent with hexamethyl disilazane 

The procedure was the same as in example 1, except that a si- 
licon dioxide dehydrated at 200-C and treated with 0.8 ml of 
HMDS was used. 

D. Treating the precatalyst with ethyl aluminium dichloride 

1 g of the precatalyst prepared above was elutriated into 3 ml 
of pentane and 3.9 ml of a 10% by weight pentane solution 
of EADC was added to the slurry. The mixture was stirred for 
20 minutes and was dried in a nitrogen gas flow for 1/2 hour. 
The dry catalyst powder was further stirred for 16 hours at 
room temperature . 

The catalyst composition was: Mg 0.97%, Ti 4.1%, Al 5.1%, 
CI 17.4%. 

Example 5 

A. Preparation of the premixture 

4 ml of n-heptane and 5.6 ml of titanium tetrabutoxide (Ti(0- 
Bu)*) was added to 772 mg of anhydrous MgCla during conti- 
nuous stirring of the mixture. The mixture was boiled in a 
105*»C bath for 1/2 hour for complete dissolving of the mate- 
rial. 

B. Treating the carrier agent with hexamethyl disilazane 

6.0 g of a silicon dioxide dehydrated at 800°C (Davison 
degree 955) was elutriated into 60 ml of n-heptane. 0.78 ml 
of HMDS was added dropwise to the mixture during simultaneous 
stirrin 9 b y means of a magnetic mixer. The mixture was reflu- 
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xed in a 105-C bath for 60 minutes and was dried at the same 
temperature under argon for 1.5 hours, whereby a dry free- 
ly flowing carrier agent powder was obtained. 

C. Absorbing the premixture into silicon dioxide 

The premixture solution was transferred by siphoning dropwise 
into the carrier agent during thorough stirring of the car- 
rier agent. 

After the addition of the solution the mixture was further 
stirred for 24 hours at room temperature. 

D. Treating the precatalyst with ethyl aluminium dichloride 

3.86 ml of a 10% by weight pentane solution of EADC was added 
to 1 g of the precatalyst prepared above, was stirred for 20 
minutes and dried by nitrogen blowing for 1/2 hour at room 
temperature . 

The catalyst composition was: Mg 1.1%, Ti 4.8%, Al 5.4%, Cl 
16.1%. 

Example 6 

A. Preparation of the premixture 

3 ml of heptane and 4.2 ml of Ti(0Bu)« was added to 579 mg 
of anhydrous MgCla and the subsequent procedure was the sa- 
me as in example 5. 

B. Treating the carrier agent with hexamethyl disilazane 
The procedure was the same as in example 5. 

C. Absorbing the premixture into silicon dioxide 

The procedure was the same as in example 5, except that the 
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mixture was stirred only for 1 hour after the addition of the 
premixture solution. 

D. Treating the precatalyst with ethyl aluminium dichloride 

3.78 ml of a 10% by weight pentane solution of EADC was added 
to 1 g of the precatalyst prepared above, was stirred for 20 
minutes and dried by nitrogen blowing for 1/2 hour at room 
temperature. The dry catalyst powder was further stirred for 
23 hours. 

The catalyst composition was: Mg 1.0%, Ti 4.5%, Al 5.1%, CI 
16*5%. 

Example 7 

A. Preparation of the premixture 

2 ml of heptane and 2.8 ml of Ti(0Bu)« was added to 386 mg 
of anhydrous MgCla and the procedure was the same as in 
example 5 . 

B. Treating the carrier agent with hexamethyl disilazane 

The procedure was the same as in example 5 except that silicon 
dioxide dehydrated at 600~C was used. 

C. Absorbing the premixture into silicon dioxide 

The procedure was the same as in example 5, except that the 
mixture was stirred for 11 hours after the addition of the 
premixture solution. 

D. Treating the precatalyst with ethyl aluminium dichloride 
(-example 7a) 

4.51 ml of a 10% by weight pentane solution of EADC was added 
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to 1 g of the precatalyst prepared above. The mixture was 
stirred for 20 minutes and dried in a 40-C bath for 1 hour. 

The catalyst composition was: Mg 0.8%, Ti 3.9%, Al 4.5%, Cl 
15.1%. 

D. Treating the precatalyst with ethyl aluminium sesquichlo- 
ride (EASC) (=example 7b) 

5.9 ml of a 10% by weight pentane solution of EASC was added 
to lg of the precatalyst prepared above. The mixture was 
stirred for 20 minutes and dried for 1 hour in a 40-C bath. 

The catalyst composition was: Mg 0.87%, Ti 4.4%, Al 6.7%, Cl 
12.7%. 

D. Treating the precatalyst with diethyl aluminium chloride 
(DEAC) (=example 7c) 

8.7 ml of a 10% by weight pentane solution of DEAC was added 
to 1 g of the precatalyst prepared above . The mixture was 
stirred for 20 minuts and dried for 1 hour in a 40-C bath. 

The catalyst composition was: Mg 0.71%, Ti 3.85, Al 9.7%, Cl 
14.3%. 

Example 8 

A. Preparation of the premixture 

The procedure was the same as in example 7. 

B. Treating the carrier agent with hexamethyl disilazane 
The procedure was the same as in example 5. 
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C. Adding ethyl aluminium dichloride to the carrier agent 

31.5 ml of a 10% by weight pentane solution of EADC was ad- 
ded on top of the silicon dioxide treated with hexamethyl di- 
silazane, was stirred for 15 minutes and dried in a nitrogen 
gas flow for 1 hour. 

D. Absorbing the premixture into the chlorinated carrier agent 

The premixture solution was transferred by siphoning dropwise. 
into the carrier agent, which was stirred simultaneously by 
means of a magnetic mixer. The mixture was further stirred af- 
ter the addition of the solution for 24 h at room temperature. 

The catalyst composition was: Mg 1.0%, Ti 4.6%, Al 5.3%, ci 
15.6%. . 

Example 9 

A. Preparation of the premixture 

The procedure was the same as in example 7. 

B. Adding ethyl aluminium dichloride to the carrier agent 

35 ml of a 10% by weight pentane solution of EADC was added 
to 6.0 g of a silicon dioxide dehydrated at 800°C (W.R.Gra- 
ce Co, Davison degree 955). The mixture was stirred in a 
50»C bath for 15 minutes and dried at the same temperature 
in a nitrogen gas flow for 1 hour. 

C. Absorbing the premixture into the chlorinated carrier 



agent 



The procedure was the same as in example 8. 



WO 91/08239 ■ W . — p CT/n90/OO2 8 7 

19 



The catalyst composition was: Mg 0.75%, Ti 4.8%, Al 4.3%, CI 
12.2%. 

Example 10 

A. Preparation of the premixture 

The procedure was the same as in example 7. 

B. Treating the carrier agent with triethyl aluminium (TEA) 

36 ml of pentane was elutriated into 6.0 g of silicon dioxide 
dehydrated at 800-C (Davison degree 955). 3.7 ml of a 10% 
by weight pentane solution of TEA was added to the slurry. 
The mixture obtained was stirred for 15 minutes and dried in 
a nitrogen gas flow at room temperature for 2 hours. 

C. Absorbing the premixture into silicon dioxide 

The premixture solution was siphonized dropwise into the car- 
rier agent, which was simultaneously stirred by means of a 
magnetic mixer. After the addition of the solution, the pre- 
catalyst was stirred for 1 h 20 min at room temperature. 

D. Treating the precatalyst with ethyl aluminium dichloride 

3.7 ml of a 10 % by weight pentane solution of EADC was added 
t 1 g of the precatalyst prepared above, was stirred for 20 
min. and dried in a nitrogen gas flow in a 50-C bath for 1.5 
hours. The dry catalyst was stirred for 22 more hours. 

The catalyst composition was: Mg 0.76%, Ti 3.5%, Al 4.8%, Cl 
14.1%. 

Example 11 

A. Preparation of the premixture 
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The procedure was the same as in example 7. 

B. Absorbing the premixture into silicon dioxide 

The premixture solution was sihponized into 6,0 g of silicon 
dioxide dehydrated at 800°C. The mixture was stirred at 
room temperature for 1 hour and at 90°C for 1 h 40 min. 

C. Treating the precatalyst with ethyl aluminium dichloride 

3.46 ml of a 10% by weight pentane solution of EADC was added 
to 1 g of the precatalyst prepared above, was stirred for 20 
min and dried in a nitrogen gas flow at room temperature for 
1/2 hour. The dry catalyst powder was further stirred for 23 
hours at room temperature. 

The catalyst composition was: Mg 0.7%, Ti 3.2%, Al 4.0%, CI 
13.5%. 

Example 12 

A. Preparation of the premixture 

2.8 ml of Ti(OBu)-* was added to 386 mg of anhydrous MgCla. 
The mixture was boiled in a 110°C bath for 3 hours in order 
to dissolve the material totally. 

B. Treating the magnesium silicate carrier with hexamethyl 
disilazane 

3.0 g of nitrified magnesium silicate was elutriated into 15 
ml of pentane. 3.75 ml of HMDS was added to the slurry. The 
mixture was stirred in a 50°C bath for 1 hour and dried in 
a nitrogen gas flow for 1/2 hour. 

C . Absorbing the premixture into the carrier agent 
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The premixture solution was siphonized dropwise into the car- 
rier agent, during thorough stirring of the carrier agent. 
After the addition of the solution, the precatalyst was stir- 
red for 3 hours. 

D. Treating the precatalyst with ethyl aluminium dichloride 

The precatalyst prepared above was treated with EADC in two 
steps . 

Step Is 10 ml of a 10% by weight pentane solution of EADC 
was added to the total amount of precatalyst, was stirred for 
40 min and dried in a nitrogen gas flow at room temperature 
for 2 hours. 5.7 g of a dry yellowish brown catalyst was ob- 
tained, which contained 1.7% of Mg, 5.7% of Ti, 2.2% of Al 
and 9.6% of CI. 

Step 2* 1 g of the catalyst obtained in step 1 was taken, into 
which 3 ml of pentane and 3.3 ml of a 10% by weight pentane 
solution of EADC was added. The slurry was stirred for 20 min. 
and dried in a nitrogen gas flow at room temperature for 1 
hour. The dry catalyst powder was additionally stirred for 1 
hour. 

The catalyst composition was: Mg 1.5%, Ti 4.7%, Al 5.5%, Cl 
19.25. 

Example 13 

A. Treating the carrier with hexamethyl disilazane 

18.0 g of silicon dioxide dehydrated at 800-C (W.R.Grace Co, 
Davison degree 955) was elutriated into 180 ml of heptane. 
3.0 ml of HMDS was added dropwise to the mixture during conti- 
nuous stirring. The mixture was refluxed in a 105-C bath for 
60 minutes, was dried and washed once with 70 ml of heptane 
and two more times with 70 ml of pentane. The washed carrier 
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agent was dried in a nitrogen gas flow for 7.5 hours. 

B. Adding the Mg and Ti compounds to the carrier agent 

193 mg of magnesium chloride, 2.5 ml of heptane and 0.7 ml of 
titanium tetrabutoxide was added to 1.5 g of silicon dioxide 
treated with HMDS. The mixture was stirred in a 105«C bath 
for 6 hours. 

C. Treating the precatalyst with ethyl aluminium dichloride 

7.89 ml of a 10% by weight pentane solution of EADC was ad- 
ded to the precatalyst prepared above, was stirred for 20 
minutes and dried in a nitrogen gas flow for 1/2 hour. 
The dry catalyst powder was further stirred for 23 hours at 
room temperature. 

The catalyst composition was: Mg 1.75, Ti 3.95, Al 3.5%, CI 
13.85. 

Example 14 ( Vanadium catalysts 

A. Preparation of the premixture 

4 ml of heptane and 1.54 ml of V0C1 3 was added to 772 mg of 
anhydrous MgCla. The mixture was boiled in a 105-C bath 
for 6 hours. 

B. Treating the carrier with hexamethyl disilazane 
The procedure was the- same as in example 5 . 

C. Absorbing the premixture into silicon dioxide 

The premixture solution was transferred by means of an injec- 
tor to the carrier agent and 2 ml of heptane was added to the 
mixture. The dry catalyst powder was stirred for 23 hours at 
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room temperature. 

D. Preactivating the procatalyst with ethyl aluminium 
chloride 



2 ml of pentane and 2.38 ml of a 10% by weight pentane so- 
lution of EADC was added to 1 g of the catalyst prepared abo- 
ve, the mixture was stirred for 15 min and dried in a nitro- 
gen gas flow at room temperature for 1/2 hour. 

The catalyst composition was: Mg 1.3%, V 7.0%, Al 4.4%, Cl 
29.7%. 

Polymerization 

1. Test polymerization of ethene 

2.1 1 of n-pentane dried with active aluminium oxide and mo- 
lecule screens was introduced into a 3 litre reactor. After 
that 50 mg of the procatalyst elutriated into a small amount 
of pentene was added through a feeding funnel into the reac- 
tor and the temperature was raised to 80°C. 

A 0.5 litre vessel was pressurized with hydrogen to a 5 bar 
pressure. This hydrogen quantity was fed into the reactor 
together with a 10% by weight pentane solution of triethyl 
aluminium acting as a cocatalyst and an ethene gas acting as a 
monomer. The total pressure was raised with the aid of ethene 
to 15 bars, the temperature was raised to 90-C and the po- 
lymerization was continued for 60 min. Ethene was continuously 
fed into the reactor in order to keep the pressure constant. 



2. Copolymer! zat ion' 

The copolymerization of ethene and alf a-olef ines was carried 
out in the same manner as the polymerization, except that the 
comonomer (300 ml of 4 -methyl 1 -pentene) was added to the me- 
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dium (1800 ml of n-pentane) immediately after the addition of 
the catalyst slurry. 

The polymerization results obtained with catalyst systems ac- 
cording to examples 1-14 are presented in the table. 
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Table 

Polymerization results 
Example Activity g/g ME (21.6) MI 
cat. 



1 


5940 


30/73 


2 


5780 


25,52 


3 


5040 


29,20 


A 


7700 


19/70 
« 


5 


5420 


19,30 


5 (*) 


2153 


163,00 


5 (**) 


5350 


61,93 


6 


5660. 


15,09 


7a 


3920 


15,14 


7b 


2920 


14,57 


7c 


1340 


11,35 


8 


3700 


12,86 


9 


3460 


14,87 


10 


3720 


10,07 


11 


1340 


22,99 


12 


4320 


26,10 


13 


4670 


10,22 


14 


570 


4,85 



(2.16) MFR (21/2) BD 

kgyfe 3 

1,17 26,25 280 

0,90 28,30 340 

1,05 27,90 360 

0,68 28,80 280 

0,72 26,78 .300 

5/ 77 28,24 310 

2,37 26,13 310 

0,57 26,40 280 

0,57 26,80 270 

0,53 27,40 280 

0,39 28,83 290 

0,48 . 26,91 260 

.0,52 28,65 360 

0,39 25,95 240 

0,86 26,59 250 

0,93 28,00 350 

0,39 25,94 220 

0,04 123,8 98 



5 (*) : Hydrogen pressure in a 500 ml vessel 10 bars 
5 (**) : Copolyraerization with 4 -me thyl-pentene 
14: Vanadium catalyst 
MI: Melt index 
MFR: Melt flow ratio 
BD: Mass flow density 
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Patent: Claims 

1. A procatalyst composition , which is suitable for the 
homo and copolymerization of alpha-olef ines , characterized 

in that it is prepared by treating one or several inert solid 
inorganic carriers, from which the surface hydroxyl groups 
have been completely or partly removed either thermally, or 
chemically by bringing the carrier to react with the compound 
removing hydroxyl groups, 

a) by impregnating this carrier with a mixture of the Mg 
compound and one or several transition metal compounds of the 

^^groups IVb or Vb of the periodic table, which is capable 
of dissolving a Mg compound, and 

b) by chlorinating with a compound which does not contain 
titanium so that 

1) the carrier is first treated with a mixture of 

the Mg compound and the transition metal compound, which is in 
the form of a solution, and then the product obtained is 
chlorinated, or 

2) the carrier is first chlorinated and then 

it is treated with the above-mentioned mixture, which is in 
the form of a solution , or 

3) the Mg compound and the transition metal compound are 
impregnated in the carrier without a separate dissolution and 
then the product obtained is chlorinated. 

2. A procatalyst composition according to Claim 1, 
characterized in that the inert carrier is an Al, Si, Ti, Mg 
or Cr compound or a mixture of them. 

3. A procatalyst composition according to Claim 1, 
characterized in that the inert carrier is silica (Si0 2 ) 
or a Mg silicate. 

4. A procatalyst composition according to any of the 
Claims 1, 2 or 3, characterized in that an organic silicon, 
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aluminium, zinc, phosphor and/or fluorine compound is used for 
the removal of the hydroxy! groups. 

5. A procatalyst composition according to any of the 
Claims 1-4, characterized in that hydroxylic groups are re- 
moved by an organic silica compound or an aluminum compound. 

6. A procatalyst composition according to any of the 
Claims 1-5, characterized in that the compound removing 
hydroxylic groups is hexamethyl disilazane or triethyl-Al. 

7. A procatalyst composition according to any of the 
Claims 1-6, characterized in that the Mg compound is a Mg 
halide, preferably Mg dichloride. 

8. A procatalyst composition according to any of the 
Claims 1-7, characterized in that the transition metal com- 
pound is a tetra-alkyl titanate, preferably Ti(OBu)*. 

9. A procatalyst composition according to any of the 
Claims 1-7, characterized in that the transition metal com- 
pound is VOCls. 

10. A procatalyst composition according to any of the 
Claims 1-9, characterized in that the chlorinating compound 
is an alkyl-Al-chloride, preferably ethyl -Al -dichloride, 
diethyl Al chloride or ethyl Al sesquichloride . 

11. Process for the preparation of a procatalyst 
composition suitable for the homo or copolymer! zation of 
a -defines, characterized in that one or several inert 
solid inorganic carriers, from which has been completely or 
partly removed the surface hydroxyl groups either thermally, 
or chemically by bringing the carrier to react with a compound 
removing the hydroxyl groups, are treated 
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a) by impregnating the carrier with a mixture of the Mg 
compound and one or several transition metal compounds of the 
groups IVb or Vb of the periodic table , which is capable of 
dissolving a Mg compound, and 

b) by chlorinating with a compound which does not contain 
titanium so that 

1) the carrier is first treated with a mixture of the Mg 
compound and the transition metal compound, which is in the 
form of a solution, and then the product obtained is chlori- 
nated , or 

2) the carrier is first chlorinated and then it is treated 
with the above-mentioned mixture, which is in the form of a 
solution, or . 

3) the Mg compound and the transition metal compound are 
impregnated in the carrier without a separate dissolution and 
then the product obtained is chlorinated. 

12. Method according to Claim 11, characterized in that 
the inert carrier is an Al, Si, Ti, Mg or Cr compound or a 
mixture thereof. 

13. Method according to Claim 11, characterized in that 
the inert carrier is silicon (SiOa) or Mg silicate, 

14. Method according to Claims 11, 12, or 13, 
characterized in that an organic silicon, aluminum, zinc, 
phosphor and/or fluorine compound is used for the removal of 
the hydroxyl groups. 

15. Method according to any of the Claims 11-14, 
characterized in that the hydroxyl groups are removed by an 
organic silica compound and/or aluminium compound. 

16. Method according to any of the Claims 11-15, 
characterized in that the compound removing the hydroxyl 
groups is hexamethyl disilazane and/or triethyl Al, 
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17. Method according to any of the Claims 11-15, 
characterized in that the Mg compound is a Mg halide, 
preferably Mg dichloride. 

18. Method according to any of the Claims 11-17 , 
characterized in that the chlorinating compound is hydrogen 
chloride, carbon tetrachloride and/or an organic Al chloride. 

19. Method according to any of the Claims 11-18, 
characterized in that the chlorinating compound is alkyl Al 
chloride, preferably ethyl Al dichloride, diethyl Al chloride 
or ethyl -Al-sesquichloride. 

20. Method according to any of the Claims 11-19, 
characterized in that the transition metal compound is a 
tetra alkyl titanate, preferably Ti(OBu)*. 

21. Method according to any of the Claims 11-19, 
characterized in that the transition metal compound is 
VOCla . 

22. Method for the homo and copolymerization of defines, 
characterized in that the polymerization is carried out by 
means of a procatalyst composition according to any of the 
claims 1-12 and an organic cocatalyst composition of a metal 
belonging to the groups la- Ilia of the periodic table and 
optionally in the presence of a suitable compound, e.g. hyd- 
rogen, for the regulation of the molecular weight of the 
polymer product obtained. 

23. Method according to Claim 22, characterized in that 
an organic Al compound, preferably a trialkyl aluminium and 
most preferably triethyl Al, is used as a cocatalyst. 

24. Method according to Claim 22 or 23, characterized in 
that ethylene is polymerized either alone or together with 
one or several other monomers. 
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